We study the rare decay B → K * 
I. INTRODUCTION
In the ongoing endeavor to unravel the flavor structure at the electroweak scale, the b-flavored mesons have played a very important role. In this effort, the exclusive B meson decays that are induced by the b → s + − flavor changing neutral current transition are sensitive to physics in and beyond the Standard Model (SM), also known as the New Physics (NP). Well known candidates of this type of decays, the B → (K, K * ) + − are at the center of theoretical and experimental investigations at present. Recent measurements of the observables R K ( * ) ≡ BR(B → K ( * ) µ + µ − )/BR(B → B s → φµ + µ − branching ratio [10] . Global fits to these b → s + − data [3, [11] [12] [13] [14] [15] [16] [17] suggest that NP contributions to the Wilson coefficients can alleviate some of these tensions.
If the anomalies are indeed due to NP, it will show up in other b → s + − mediated transitions as well. The decay B → K * 2 (1430) + − , where K * 2 is a tensor meson is very similar to the well studied B → K * + − and can provide complementary information to NP. Interestingly, the closely related radiative mode B → K * 2 γ has already been observed by the Babar [18] and Belle [19] collaborations and the branching ratio is comparable to that with B → K * γ. This implies that the mode B → K * 2 + − also has sizable branching ratio which has been confirmed by direct computations [20] [21] [22] [23] .
The short distance physics of B → K * 2 + − is contained in the perturbatively calculable Wilson coefficients. The long-distance physics of B → K * 2 hadronic matrix elements are parametrized in terms of the form factors and the parametrization is similar to that of B → K * hadronic matrix elements [23] . The form factors has been calculated [24] in perturbative QCD approach using light-cone distribution amplitudes [25] and in light-cone sum rules in conjunction with the B meson wave function [26] . Calculations in light-cone QCD sum rule approach can be found in [27] . Using different form factors, phenomenological analysis of B → K * 2 + − has been performed in many works [20, 23, [28] [29] [30] [31] [32] . Majority of these works have focussed on simple observables like decay rate, forward-backward asymmetry of dilepton system, and the polarization fractions of K * 2 . In Ref. [20] , the four-fold angular distribution of decay products of K * 2 has been analysed in the SM. In Ref. [30] , the decay B → K * 2 (→ Kπ) + − was studied in the SM as well as in non-universal Z and vector-like quark models, but branching fraction of the decay K * 2 → Kπ was ignored in their analysis. In this paper, building upon the previous works we study the full four fold angular distribution of B → K * 2 (→ Kπ) + − decay in the low dilepton invariant mass squared q 2 or large recoil of the K * 2 meson. In this region, the heavy quark (m b → ∞) and large recoil (E K *
→ ∞)
imply relations between B → K * 2 form factors. These relations reduce the number of independent form factors from seven to two. This helps us construct "clean" observables where the form factor dependence cancels at the leading order in Λ QCD /m b and α s , making them suitable probes of NP. We have presented the determinations of the clean observables in the SM and studied the implications of global fits to the present b → s + − data.
The rest of the paper is organized as follows. In Sec. II we discuss the general effective Hamiltonian and relevant operators for b → s + − . In the Sec. III the hadronic matrix elements for B → K * 2 and their parametrization in terms of form factors are discussed. In Sec. IV we discuss the B → K * 2 helicity amplitudes in the transversity basis and give their expressions in terms of form factors and short-distance Wilson coefficients. In Sec. V we discuss B → K * 2 + − in the large recoil and large energy limit in detail. In Sec. VI the four-body fully differential angular distribution and angular observables for B → K * 2 (→ Kπ) + − are discussed. In the next Sec. VII we discuss the considered angular observables in the SM and in interesting NP scenarios. We give numerical predictions for observables and discuss their sensitivity to possible NP in b → s + − .
Finally in Sec. VIII we summarize our results of this paper.
II. EFFECTIVE HAMILTONIAN
We work with the following low energy effective Hamiltonian for rare |∆B| = |∆S| = 1 transition
i=7,9,10
where
Here µ is the renormalization scale, α e is the fine structure constant, F µν is the electromagnetic field strength tensor and P L/R = (1 ∓ γ 5 )/2 are the chiral projectors. The b-quark mass multiplying the dipole operator is assumed to be the running quark mass in the modified minimal-subtraction (MS) mass scheme. The contributions of the factorizable quark-loop corrections to current-current and penguin operators are absorbed in the effective Wilson coefficients C eff 7,9 as described in Appendix A. All the SM Wilson coefficients are evaluated at the renormalization scale µ = m b = 4.2 GeV [33] .
For simplicity we will neglect the superscript "eff" in the rest of the text. We ignore the nonfactorizable corrections to the Hamiltonian which are expected to be significant at large recoil [34, 35] . The primed Wilson coefficients are zero in the SM but can appear in some NP models.
We will not consider NP contributions to O 7 since these are well constrained [36] .
We work in the B meson rest frame and denote by p, k, p + , p − the four-momentum of the B-meson, the K * 2 , and the positively and negatively charged leptons respectively. Tensor meson of spin-2 polarization tensor µν (n), where the helicities are n = t, 0, ±1, ±2, satisfies µν k ν = 0.
In the final state, the K * 2 meson is partnered with two spin-half leptons and hence the K * 2 can only have helicities n = t, 0, ±1. Noting that the polarization tensor of spin-2 state K * 2 can be conveniently written in terms of polarization vectors of a spin-1 state [37] , we introduce a new Here recoil energy E K * 2 is given by
The q 2 dependence of the soft form factors ξ ⊥ (q 2 ) and ξ (q 2 ) is given by [23, 39] 
The values of the soft form factors at the zero recoil q 2 = 0 have been estimated using Bauer-StechWirbel (BSW) model [40] in Ref. [23] . In Ref. [22] these are also extracted from experimental data on B → K * γ from Babar [18] and Belle [19] . For our numerical analysis we have used the values ξ ⊥ (0) = 0.29 ± 0.09 and ξ (0) = 0.26 ± 0.10 which were obtained in Ref. [24] in perturbative QCD approach utilizing the non-trivial relations realized in the large energy limit. These estimates are consistent with the ones obtained in Refs. [23] and [22] but have higher errors. To be more conservative in our theory estimates, we choose to use values given above.
Substituting (11) in (5), we obtain at leading order in Λ QCD /m b and α s the simple expressions of the transversity amplitudes in terms of soft form factors ξ and ξ ⊥ as
At this point we recall that the relations (11) are derived in the QCD factorization (QCDf) and soft-collinear-effective theory (SCET) approach in which the factorization formula for the heavy to light B → K * 2 form factors are
Here T i are the perturbatively calculable hard scattering kernals and Φ B,K * are the hadron distribution amplitudes which are non perturbative objects. There are no means to calculate the Λ QCD /m b corrections at present, and therefore the cancellations of soft form factors in the clean observables are valid only at leading order in Λ QCD /m b . The neglected higher order terms add to the uncertainty of our theoretical predictions. We use the ensemble method following Ref. [41] to account for Λ QCD /m b uncertainties in our numerical analysis of observables. This is done by multiplying the transversity amplitudes by correction factors Some of the inputs and their uncertainties are listed in Table II .
VI. ANGULAR DISTRIBUTIONS AND OBSERVABLES
We assume that the K * 2 is on the mass shell so that the B → K * 2 (→ Kπ) + − decay can be completely described in terms of only four kinematical variables; the lepton invariant mass squared q 2 and three angles θ , θ K and φ. The lepton angle θ is defined as the angle made by the negatively charged lepton − with respect to the direction of the motion of the B meson in the di-lepton rest frame. The angle θ K is defined as the angle made by the K − with respect to the opposite of the direction of the B meson in the Kπ rest frame. The angle between the decay planes of the two leptons and the Kπ is defined as φ. In terms of these variables, the fourfold differential distributions read [30] 
The angular coefficients I i (q 2 ) can be written in terms of the transversity amplitudes and are
given in Appendix C. The decay rate for the CP-conjugate process is obtained by the replacements I 1,2,3,4,7 →Ī 1,2,3,4,7 and I 5,6,8,9 → −Ī 5,6,8,9 , whereĪ are equal to I with all the weak phase conjugated. In this paper we will consider only CP-averaged observables, so that I means I +Ī and total decay width Γ stands for Γ +Γ. At leading order Λ QCD /m b and α s the short-and long-distance physics factorize as
Here we have introduced the following combinations of short-distance Wilson coefficients
While writing Eq. (21), we have not displayed explicit q 2 -dependence of form factors ξ ⊥, (q 2 ) and the Wilson coefficients ρ L,R ∓ (q 2 ) for simplicity. Note that in the SM basis, one has ρ L − = ρ L + and
From the angular distribution (20) one can construct observables like the forward-backward asymmetry A FB , the longitudinal polarization fraction F L , and the differential decay width dΓ/dq 2 as functions of dilepton invariant mass q 2 . This can be done by weighted angular integrals of the four fold differential distribution given in Eq. (20) as the following
from which various angular observables can be extracted by the suitable choices for weight func-
• The full differential decay width dΓ/dq 2 is simply obtained by choosing W Γ = 1,
• The forward-backward asymmetry of lepton pair A FB (normalized by differential decay width) is extracted with
• The longitudinal polarization fraction F L (normalized by differential decay width) is ex-
By definition then the transverse polarization fraction is
In Table I we present our q 2 -bin averaged estimates for the above observables for B → K * 2 µ + µ − in different bins in the SM. The sources of uncertainties are Λ QCD /m b corrections, variation of renormalization scale µ, form factors and other numerical inputs. In Fig. 1 , we have shown the dependence of these three observables on dilepton invariant mass q 2 . As can be seen from these analysis, the B → K * 2 µ + µ − branching ratio is only one order of magnitude smaller than B → K * µ + µ − . Therefore, B → K * 2 µ + µ − can be a viable signal at future LHCb. However, due to large uncertainties branching ratio, A FB and F L are not suitable for searches of new physics.
The study of the four-fold angular distribution gives access to numerous observables that can be measured by the LHCb. Due to factorization of long and short-distance physics at large recoil The bands show estimates of uncertainties due to errors in form factors and various inputs (discussed in the text) used for the evaluation of observables.
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The subleading corrections to them will be estimated following the discussions in section V.
As also discussed in the Sec. I, recent LHCb results [1, 2] of measurements of the ratio of B → K(K * ) + − branching ratios of di-muon over di-electrons known as R K,K * show significant deviation from their SM predictions R K,K * ∼ 1 [45] , which hints to violation of lepton flavor universality. Observation of the same pattern of deviation in the K and K * mode is quite intriguing and has attracted a lot of attention recently (see Ref. [46] for a model-independent analysis) . If NP is to blame for these, such deviations should be seen in B → K * 2 + − as well, and need to be studied. We define similar ratio for
Having discussed all the observables, we are now ready to proceed with the numerical analysis of these observables in the SM and NP scenarios in the next section.
VII. NUMERICAL ANALYSIS
In the light of the recent flavor anomalies, several groups have performed global fits of Wilson coefficients to b → s + − data to decipher the pattern of NP [3, [11] [12] [13] [14] [15] [16] [17] . These fits indicate that a negative contribution to the Wilson coefficient C µ 9 can alleviate the tension between theory and experimental data. There are other scenarios as well which lead to similar fits. Following Ref. [47] we consider three of them (called S1, S2, S3) having largest pull 1
• S1: NP in C 9 only with C µ,NP 9 = −1.1, for which the pull is 5.8σ.
1 pull= ∆χ 2
• S2: In this scenario, NP is considered in both C 9 and C 10 , but they are correlated, C µ,NP 9 = −C µ,NP 10 = −0.6 and the pull for this scenario is 5.3σ.
• S3: In this scenario, NP is considered in C 9 and C 9 and again correlated with best fit given by C µ,NP 9 = −C µ,NP 9 = −1.01 for which the pull is 5.4σ.
Our main numerical results in the SM and the above three NP cases for all the angular observables considered in this work are collected in Appendix D. The binned predictions for clean observables are displayed in Fig. 2 . We restrict our analysis to low dilepton invariant mass region and consider q 2 bins lying in range 0.1 − 6.0 GeV 2 .
The branching fraction for B → K * 2 µ + µ − in the SM is ∼ O(10 −7 ) (see Table I ). In all three NP scenarios, we find consistently smaller central values for branching fraction compared to the SM value. This is pertaining to the fact that the global analysis of b → s + − suggests destructive NP contribution to C µ 9 . For A FB (F L ) we find slightly larger (smaller) central value in NP cases compared to the central SM value. However, as these observables (dΓ/dq 2 , F L and A F B ) are at present plagued by large theoretical errors, no striking deviation from the SM value is found. On the other hand, prospects for testing NP hypothesis in b → s + − in some clean observables P i (q 2 ) are promising.
The clean observable P 1 depends on the angular coefficients I 3 and I 2 , and is of special interest due to its remarkable sensitivity to right-handed currents. The (V −A) structure of the SM renders the H ± helicities of the B → K * 2 + − suppressed, implying |A | |A ⊥ |. Therefore, this observable is predicted to be zero in the SM. The similar charaterstic is also shared by its B → K * counterpart as noted in [11] . As shown in Fig. 2 , P 1 is consistent with zero in the SM and in two scenarios S1
and S2 (which assume NP in the left-handed currents only), while a large deviations from P 1 0 is found in scenario S3 (which has nonzero value of right-handed Wilson coefficient C 9 ). The observable P 2 is similar to forward-backward asymmetry A FB , but is theoretically much cleaner.
Similar to A FB , P 2 has larger values in all three NP scenarios. The zero-crossing of P 2 (same as of
2 ) lies in the [2,4] GeV 2 and at the leading order is given by
In order to obtain the above relation, we have used transversity amplitudes given in Eqs. (14)- (17) and assumed the Wilson coefficients to be real. This expression is identical to the corresponding observable for B → K * case. Note that the zero crossing q 2 0 (P 2 ) depends on the short-distance 
Wilson coefficients C ( ) 9
and C ( ) 10 , and has no dependence on the mass of lepton in final state. Consequently, in the SM it has the same value for all three decay modes B → K * 2 + − ( = e, µ, τ ).
Therefore the zero crossing q 2 0 (P 2 ) turn out to be a good observable to test the hypothesis of lepton flavor universality violating (LFUV) NP.
For observables P 4 and P 5 , the largest deviations from the SM value are observed in scenario S3, thereby showing good sensitivity to right-handed NP. On the other hand, observables P 3 and P 6 depend on I 9 (q 2 ) and I 7 (q 2 ) respectively. These two observables depend on imaginary part of ρ L,R ∓ (q 2 ) and σ ∓ (q 2 ). The imaginary part of the SM Wilson coefficient C eff 9,7 is very tiny, and therefore the SM predictions for P 3 and P 6 are highly suppressed. Since, in our numerical analysis, we consider real NP Wilson coefficients, these observables remain suppressed in all three NP scenarios. Deviations in these observables, if seen in experiments, will be a sign of CP-violating NP. Finally, in Fig. 3 we present our determinations of the LFUV ratio R K *
2
. Similar observables for B → K ( * ) + − in the SM are predicted to be ∼ 1 [45] . These LFUV ratios are exceptionally clean observables with theoretical errors being at the level of only ∼ 1%, making them an ideal candidate to probe NP. As mentioned earlier, R K and R K * have been measured experimentally and both measurements are lower than the SM value, which could be interpreted as sign of NP.
Therefore the measurement of R K * 2 can be important to corroborate the deviations seen in R K and
is suppressed compared to the SM value. For NP case S2, the deviations from unity are largest while for NP case S3 the suppression is relatively smaller as this solution contain a mixture of left-handed and right-handed currents, and right-handed currents tend to increase the value of ratio. at low scale µ = 2.1 GeV and high scale µ = 8.4 GeV are also used from Ref. [33] . 
1,c (q
The value of the SM Wilson coefficients C i (i = 1, 2, ..10) are given in Table III . The functions h(q 2 , m q ) and F (7,9) 8
(q 2 ) can be found in Ref. [34] , and the functions F (7,9) 1,2 (q 2 ) are taken from Ref. [50] . The values of masses of charm and bottom quark in these expressions are defined in pole mass scheme and are given in Table II . Here we summarize the expressions of the angular coefficients appearing in the differential decay rate eq. (20) in terms of transversity amplitudes [30] 
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